INTRODUCTION
Non-mosaic genome-wide paternal uniparental disomy (patUPD) is commonly known to be lethal. It is usually associated with complete hydatidifrom mole, a condition characterised by the hydropic degeneration of villi and absence of the embryo. In contrast to non-mosaic genome-wide patUPD, its mosaic status-also known as androgenic/biparental mosaicism-is compatible with life and has been reported for several times (Table 1) . [1] [2] [3] [4] [5] [6] [7] For non-mosaic genomewide patUPD, different formation mechanisms have been suggested, which mainly occur from prefertilisation stages (for review, refer Van den Veyver and Al-Hussaini 8 and Golubovsky 9 ). Mosaic genome-wide patUPD is probably the result of a normal conception followed by post-zygotic errors. 10 Mosaic genome-wide patUPD carriers show a broad phenotypic range but in all patients Beckwith-Wiedemann syndrome (BWS) and/ or Wilms tumour (WT) were the initial clinical diagnoses (Table 1) . In both BWS and WT, (epi)genetic alterations within 11p15.5 can be detected, including paternal UPD 11p15 (upd(11p15)pat)(for review, refer Choufani et al 11 ) . BWS was initially called EMG syndrome from its three main features exomphalos, macroglossia and (neonatal) gigantism. Additional signs include neonatal hypoglycaemia, hemihypertrophy, organomegaly, earlobe creases, polyhydramnion, haemangioma and cardiomyopathy. In 5-7% of children, embryonal tumours (most commonly WT) are diagnosed. In addition to the aforementioned BWS features, single genome-wide patUPD carriers present symptoms overlapping with those of other imprinting disorders. 6, 7 As aforementioned, the BWS phenotype does not only comprise dysmorphic and metabolic features, but is also associated with a significantly increased risk for embryonal tumours. As a result, the majority of the genome-wide patUPD patients develop BWSassociated cancers, such as WT or hepatoblastoma.
Case report
We report on a patient referred to genetic counselling because of BWS features. Her non-consanguineous parents were healthy. The patient has two healthy older brothers and a healthy younger sister. The mother had one miscarriage. Patients and parental chromosomes were normal.
The patient was spontaneously born at 37 gestational weeks. Polyhydramnion was reported. During pregnancy, the mother showed a severe weight gain, but maternal diabetes was not diagnosed. The newborns length was 52 cm (4P90), weight 3850 g (4P90) and head circumference 34,5 cm (P75-P90). The placenta was reported to be hypertrophic (2000 g), the umbilical cord was thick (2 Â 2 cm at the basis). The newborn showed severe postnatal hypoglycaemia with cerebral seizures. Organomegaly was not reported at that time, but a cardiac hypertrophy of the septum and the left ventricle was diagnosed.
At the age of 1 month, a liver hamartoma was resected but there was no evidence for a hepatoblastoma. At 6 weeks, the girl was referred to hospital where hyperinsulinemia and pancreas hypertrophy were diagnosed; parts of the pancreas were resected due to a nesidioblastosis. At the same time, a non-obliterating thrombosis of the Vena cava inferior was observed. Multiple fractures were reported.
Computer tomography at the age of 4 months revealed that the pancreatic head and both kidneys were enlarged. Histology of kidney tissue showed a normal structure. At the same time, a tachypnea was diagnosed and successfully treated.
BWS was diagnosed at the age of 8 months because the girl showed earlobe creases, discrete macroglossia, partial hemihypertrophy of the left body side, an omphalocele, hepato-and nephromegaly.
Because of the unusual clinical observations in our patient, tumour surveillance was continued beyond the age of 10 years, and at the age of 12 years, an enlarged right ovary was detected. At the age of 14 years, the patient developed hypertrichosis and a deep voice. The tumour was resected, pathohistological analyses revealed a steroid cell tumour. Endocrine tests showed an increased level of insulin, whereas other hormones were normal.
At the age of 18 years, the physical examination again confirmed BWS features: in addition to macroglossia and hemihyperplasia, the patients face was characterised by a high forehead and a long face. A funnel chest was reported. Height (164 cm) and weight were noted as appropriate for age. The patient reported on fibroadenoma of the breast. Hypoglycaemia and hyperinsulinemia persisted during all the time but were well treated. Motoric development was slightly retarded but then appropriate for her age. The patient finished her high-school exam and is currently training as a dental technician.
MATERIALS AND METHODS
Genomic DNA was extracted by standard techniques from peripheral blood lymphocytes as well as from paraffin-embedded ovarian tumour and breast fibroadenoma tissues, respectively. Because of the initial clinical diagnosis of BWS, a methylation-specific multiplex-ligation-dependent probe amplification assay (MS-MLPA) aiming on the detection of molecular defects in 11p15 (H19 DMR/ICR1, KvDMR/ICR2) was carried out for molecular molecular conformation using a commercially available kit (ME030BWS/RSS, MRC Holland, Amsterdam, the Netherlands). To identify aberrant methylation at further imprinted loci, methylation-specific single nucleotide primer extension (MS-SNuPE) assays were performed (Figure 1a) . 12 To confirm UPD, five microsatellite markers on chromosome 11 and 40 markers on other chromosomes (B2 markers/chromosome) were analysed in DNA from peripheral blood lymphocytes obtained from the patient and her parents (Supplementary Table 1 ). Seven out of these markers were also typed in DNA from ovarian cancer material and breast tissue according to standard procedures (Figure 1b) .
RESULTS
By initial routine MS-MLPA approaches, we detected both hypermethylation of ICR1 and hypomethylation of the ICR2 in peripheral blood lymphocytes, a finding consistent with upd(11p)pat. Typing of microsatellite markers in 11p15 additionally confirmed the clinical diagnosis of BWS.
Further MS-SNuPE tests were subsequently performed due to the unusual phenotype. These analyses indeed revealed a disturbed methylation at all eight tested loci ( Figure 1a ) and indicated that always the paternal alleles were affected. We then performed Genome-wide paternal uniparental disomy M Gogiel et al genome-wide microsatellite-typing studies in lymphocyte DNA, and thereby confirmed mosaic paternal UPD for 16 autosomes (Figure1b,  Supplementary Table 1) , markers on the other 6 autosomes were not informative. All informative markers showed a strongly increased peak height of the paternal allele and a lower intensity of the maternal allele. A third paternal allele corresponding to a paternal uniparental heterodisomy was never observed. In DNA from ovarian cancer, tissue typing of seven markers revealed complete non-mosaic genome-wide patUPD, whereas analysis of breast tissue DNA showed the same mosaic patUPD pattern like DNA from peripheral blood (Figure 1b) .
DISCUSSION
The clinical findings and course in our patient with mosaic genomewide patUPD illustrates the broad phenotypic range in carriers of this rare molecular disturbance. However, the preponderant clinical signs in this entity are hyperinsulinemia, organomegaly, umbilical hernia and hemihypertrophy (Table 1) , features typically associated with BWS and 11p15 aberrations. Interestingly, a clinical overlap with other imprinting disorders has been reported only for two patients in the literature, though a more complex phenotype might be expected due to different loci affected by the aberration 1, 7 The situation is similar to that in multilocus methylation defect (MLMD) carriers where numerous imprinted loci are affected but the chromosome 11p phenotypes (BWS, Silver-Russell syndrome/ SRS) are dominant (for review, refer Eggermann et al 13 ). One might therefore assume that the clinical signs in mosaic genome-wide patUPD (and MLMD) are influenced by further factors, such as tissue-specific mosaicism, tissue and development specific level of imprinted gene expression or interaction between imprinted genes/ domains. Moreover, mosaic genome-wide UPDpat is associated with a significantly increased predisposition for cancer development. Five of the so far described 10 patients showed paediatric tumours (pheochromocytoma, hepatoblastoma, pancreatic tumour, adrenocortical neoplasia) (Table 1 ). This finding is in agreement with the observation that UPD is generally important as a molecular alteration associated with inactivation of tumour-suppressor genes or activation of oncogenes (for review, refer Tuna et al 14 ) Han et al 15 recently suggested that the loss of H19 expression is involved in the aetiology of WT. Leaned on the pathomechanism in WT, we hypothesise that genome-wide patUPD leads a decreased expression and thereby influences ovarian tumorigenesis in our patient, 16 as the ovary is one of the few tissues with H19 expression, which is possibly related to steroid metabolism. On the other hand, it can be assumed that the genome-wide patUPD increases the expression of the paternally expressed insulin-like growth factor 2 (IGF2). 17 Additionally, the influence of other imprinted genes in ovarian tumorigenesis is conceivable.
The presence of only one paternal allele and the lack of a second paternal allele in all analysed markers excludes prezygotic mechanisms of mosaic genome-wide patUPD formation in our case. We therefore suggest a post-zygotic division error: In an early embryonic stage of a normal biparental diploid zygote, a replication error affecting the maternal DNA followed by endoreduplication of the paternal genome resulted in formation of a normal (biparental) and a uniparental cell line formation. 10 The identification of mosaic genome-wide patUPD patients has an important impact on genetic counselling and clinical oncology. Considering the clinical course in our patient, we emphasise the importance of further molecular investigations in case of unusual BWS phenotypes. The current genetic BWS testing algorithms are focused on the 11p15 loci, and dependent on the informativity of the applied tests many mosaic genome-wide patUPD still remain undiagnosed. Furthermore, genome-wide UPD should also be considered in patients with genetic syndromes associated with tumours, as they have a high risk for further neoplasias. In case of BWS, it has been suggested to screen patients for abdominal tumours until the age of 8 years. 18 Our case now shows that general tumour surveillance is indicated for the whole life in the subgroup of BWS patients with genome-wide patUPD and unusual phenotypes. Furthermore, testing for genome-wide patUPD is generally indicated in BWS patients with upd(11p15)pat.
